Background. The relative contribution of bacterial infections to febrile disease is poorly understood in many African countries due to diagnostic limitations. This study screened pediatric and adult patients attending 4 healthcare facilities in Ibadan, Nigeria, for bacteremia and malaria parasitemia.
Community-acquired bacteremia causes considerable mortality and morbidity in low-and middle-income countries and most cases occur in children aged <5 years [1, 2] . Common causes of bacteremia in African countries include Streptococcus pneumoniae, Staphylococcus aureus, typhoidal and nontyphoidal Salmonella enterica serovars, Haemophilus influenzae, Neisseria meningitidis, Klebsiella pneumoniae, and Escherichia coli [1] [2] [3] [4] [5] . Patients with invasive bacterial infections commonly present with fever, a sign that is a root cause of medical visits, illnesses, and deaths in many tropical countries in Africa, including Nigeria [5, 6] .
In Nigeria, there is considerable uncertainty about the main causes of fever [7] . The country is endemic for malaria and multiple fever-associated viruses. Salmonella Typhi is known to be endemic, although very little is known about the disease epidemiology. For example, the true cause of documented "epidemics" of typhoid fever between 1987 and 1989 was never proven to be S. Typhi bacteriologically, and these outbreaks may have been associated with Plasmodium falciparum malaria or other etiological agents [8] . In the following 3 decades, clinical diagnosis and the Widal test remain the predominant modes of typhoid diagnosis in Nigeria. Overestimation of typhoid fever incidence due to overreliance on the insufficiently specific Widal test is also common in other parts of Africa [7, 9, 10] . While there have been recent blood culture-based surveillance studies in other parts of Nigeria [4, 11] , the true prevalence of invasive Salmonella in Ibadan, Nigeria, was undetermined at the start of this study.
In addition to doubts about the relative contribution of invasive pathogens to febrile disease in our setting, recent studies from elsewhere appear to suggest that these pathogens interact. Malaria may predispose individuals to nontyphoidal Salmonella (NTS) bacteremia by increasing iron availability to the pathogen (while depriving the host); in contrast, by incapacitating macrophage function, it is possible that bacteremia may also predispose susceptible individuals to malaria [4, 12, 13] . Altogether, the real and presumed high burdens of bacteremia and coinfection with malaria lead to patients in settings like ours receiving both antibacterials and antimalarials when they present with fever. This, in turn, increases the likely selective pressure for antimicrobial-resistant bacteria and plasmodia.
Determining the etiology of nonmalarial febrile illness remains challenging in Nigeria, even though malaria can be reliably diagnosed by microscopy or rapid diagnostic tests. Other leading causes of fever are not as easy to rule in or rule out due to limited diagnostic infrastructure [7, 14] . The near absence of a decision algorithm following a negative malaria test in most primary and secondary healthcare facilities compromises the potential diagnosis of nonmalarial febrile illness and increases unnecessary antimicrobial use [15, 16] .
Typhoid fever and other bacteremias are best detected in clinical settings by blood culture, but serological alternatives exist as well [14] . The Widal test, for example, commonly used by African diagnosticians, can be performed with little skill and equipment and is cheap [10] . However, although the Widal test can support clinical diagnosis, it is characterized by nonspecificity, poor standardization, typical misuse, and often confusing results [7, 10, 17] . Blood culture services may circumvent many of these limitations but are slow and generally unavailable in low-and middle-income countries [18] [19] [20] . Blood culture is not used routinely in Nigerian hospitals, particularly in outpatients, and is rarely accessible outside tertiary care facilities. Even when blood culture facilities are available, they are often unaffordable for the majority of patients.
The World Health Organization has stressed the need for improved data on invasive Salmonella disease from countries in sub-Saharan Africa, with priority given to strengthening surveillance systems, including the surveillance of disease in children aged <15 years [21] . This study therefore aimed to profile bacteremia among febrile patients in selected hospitals in Ibadan, southwest Nigeria.
METHODS

Ethical Considerations
The study was approved by the University of Ibadan, University College Hospital (UCH) ethics review committee (approval number UI/EC/16/0389), the Oyo State Ethics Review Committee (approval number AD13/479/665A), and the Ethics Committee of Our Lady of Apostles Catholic Hospital, Ibadan (approval number OCH/EC/17/05). Written informed consent was provided by all participants or, in the case of children, their parents or guardians.
Study Area
The study was conducted in Ibadan, southwest Nigeria, a large and ancient city that is now the administrative capital of Oyo state. Ibadan is delineated into a core municipal area and outlying metropolitan areas; the population of this area in the 2006 national census was 2 559 833. The data presented here cover the study-enrolled patients from 4 facilities between 16 June and 16 October 2017 at UCH (a tertiary facility); Our Lady of Apostles Catholic Hospital, Oluyoro; State Teaching Hospital, Adeoyo (secondary facility); and Kola Daisi Foundation Primary Health Care Centre (primary-level facility).
Patients
Consecutive consenting patients who presented at the study sentinel healthcare facilities with objective fever of ≥38°C tympanic and/or ≥37.5°C axillary or at any of the facilities with fever reported for ≥3 consecutive days within the last 7 days or for whom the consulting clinician documented a clinical suspicion of typhoid fever were included in the study. All patients underwent full blood counts and blood culture, and the majority were tested for malaria parasites.
Malaria Screening
Malaria screening was performed by microscopy of thin and thick films. One to 2 mL of blood was collected into an ethylenediaminetetraacetic acid bottle and agitated to avoid clotting. Next, 0.2 µL of blood was placed on one end of a clean slide for a thin film preparation while 0.6 µL was placed on the other end of the same slide for thick film. The smear was airdried. The thin film was fixed with methanol, after which the slide was stained with a 1:10 dilution of freshly prepared Giemsa stain for 10 minutes. The stain was washed off with buffer water and air-dried. It was then examined under by light microscopy at ×1000 magnification.
Blood Culture
Under aseptic conditions, blood was drawn from children and adults into a sterile syringe using a butterfly attachment or directly into a syringe and inoculated into a blood culture bottle (BACTEC). The importance of appropriate blood draws for blood culture, before initiation of antimicrobial treatment in healthcare facilities, where possible, and aseptic collection protocols were reinforced in training of study staff. One to 3 mL of blood was cultured for children and 8-10 mL in individuals >15 years of age, unless these volumes could not be collected, in which case the maximum volume collectable was cultured. Samples were transported to the laboratory immediately at room temperature.
At the laboratory, blood culture bottles were loaded into a BACTEC FX-40 (Becton Dickinson) continuously monitored blood culture instrument. Broth from positive bottles was examined directly by Gram stain and subcultured on solid culture media according to laboratory standard operating procedures. Gram-negative bacteria were identified using the Analytical Profile Index 20E (API-20E) and API-NH biochemical systems (bioMérieux). Other bacteria were identified using standard methods [22] .
Salmonella Confirmation and Subtyping
Presumptive Salmonella species were confirmed by polymerase chain reaction (PCR) using primers specific for the invA gene [23] and subtyped by PCR, according to the method of Tennant et al [24] . PCR reactions were constituted in Illustra PuRe Taq Ready-To-Go PCR Beads (GE Healthcare) and reactions were templated with boiled colonies. Table 1 lists the PCR primers that were used. Reactions were amplified in a Verti Thermocycler (Applied Biosystems) preceding cycling with an initial denaturation at 95°C for 2 minutes, and then performing 35 cycles of 95°C for 30 seconds, 55°C for 30 seconds, and 72°C for 2 minutes, followed by a terminal extension at 72°C for 5 minutes. Amplicons were resolved on 1.5% agarose gels, stained with ethidium bromide, and visualized using an ultraviolet transilluminator (UVP GelMax Imager).
Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing was performed by the disk diffusion method according to Clinical and Laboratory Standards Institute (CLSI) guidelines [26] . Salmonella Typhimurium American Type Culture Collection (ATCC) 14028, E. coli ATCC 25922, and S. aureus ATCC 25923 were used as controls. Resistance data were analyzed in the 2018 version of WHONET [27] .
RESULTS
A total 682 patients drawn from all of the 11 Ibadan local government areas (LGAs) were enrolled in the study ( Table 2) . Seven of those recruited were infants aged <1 year and 467 (68.5%) were aged 1-17 years. Of those who were assessed by weight, 218 (82.6%) of pediatric and 15 (10.2%) of adult blood culture bottles were filled to the manufacturer-recommended volumes of 1-3 mL and 8-10 mL, respectively. Bacterial isolates were cultured from the blood of 169 (24.8%) of the recruited patients. Fifty-two (30.8%) of the recovered isolates were aerobic spore bearers and coagulase-negative staphylococci, which were considered contaminants such that 7.8% of blood cultures were contaminated. A probable bacterial pathogen was cultured from 117 (17.2%) patients, with S. aureus (69 [59.0%]) and S. enterica (34 [29. 1%]) being the most common species identified (Table 3) . Twenty-seven (79.4%) Salmonella species were largely S. Typhi, and 7 isolates belonging to NTS serovars were also recovered. No specimen yielded >1 likely bacterial pathogen.
Children aged 1-17 years exhibited the highest proportion of any bacterial and/or Plasmodium parasite infections. Salmonella Typhi was detected more than twice as frequently in children aged 6-12 years than in other age groups (Table 4) ; the proportion of malaria parasitemia per age-stratified recruited patients was similar across all age groups. Case numbers were much lower for NTS serovars, but 5 of the 7 NTS isolates were recovered from children aged <5 years.
All 682 samples were blood cultured, and malaria testing was performed on all but for 64 of the 682 patients. Of the 618 patients tested for malaria, 171 (27.7%) tested positive, and P. falciparum was identified in every positive case. Plasmodium falciparum and bacterial coinfections were detected in 34 (5.5%) patients, which included malaria coinfection with 6 S. Typhi infections and 1 NTS infection ( Figure 1 ). Malaria coinfection was also found in 24 (34.8%) of the patients infected with S. aureus and 1 of the 2 patients infected with K. pneumoniae, as well as the single patients from whom Citrobacter koseri and Enterobacter cloacae were isolated. Thirty (88.2%) patients coinfected with bacteria and malaria parasites were <18 years of age. All but 1 of the 7 patients with Salmonella and Plasmodium coinfection were children.
We noted the residential LGAs for recruited patients to determine whether patients infected with 1 or more pathogens were predominantly drawn from specific sublocalities in Ibadan. The northeastern location of the study healthcare Hz4,z23R AGGTTAGTGATGGCAGATTC facilities predictably led to patient recruitment predominantly from northeast Ibadan (Table 2) . However, as shown in Figure  2 , patients enrolled in the study were drawn from all 11 LGAs, including the 6 outlying LGAs. Salmonella was cultured at higher frequencies from specific LGAs: S. Typhi recovery of from patients recruited from Akinyele, Ibadan northeast, and Egbeda LGAs was between 9.6% and 10.3%, whereas invasive Salmonella were detected at a prevalence of 0-1.6% in residents recruited from Ido, Ibadan north, Ibadan southwest, and Ibadan northwest ( Figure 2 ). There was some, but not complete, overlap with high-recovery areas for S. Typhi and NTS.
Antimicrobial susceptibility testing revealed that all but 1 of the Salmonella isolates were resistant to at least 3 of the antimicrobial classes tested. Two S. Typhi and 3 invasive NTS (iNTS) isolates were resistant to 6 additional different agents. The median number of antimicrobials to which the Salmonella, both Typhi and iNTS, were resistant was 5 ( Table 5) . Salmonella Typhi and iNTS were universally resistant to ampicillin and most of the isolates were additionally resistant to tetracycline, trimethoprim-sulfamethoxazole, and nalidixic acid ( Table  5 ). Nineteen (70.3%) of the S. Typhi isolates and 4 of the 7 NTS isolates were additionally ciprofloxacin nonsusceptible, demonstrating low-level ciprofloxacin resistance (classed as intermediate according to CLSI criteria). Resistance was similarly common among S. aureus isolates, with 64 (92.8%) being β-lactam resistant and 26 (37.7%) demonstrating resistance to cefoxitin ( Table 6 ).
DISCUSSION
In this study, we performed blood culture and malaria parasite screening on specimens from febrile patients attending 4 healthcare facilities in Ibadan, Nigeria, and detected bacteria and/or plasmodia in 254 of the 618 (41.1%). In addition to our inability to perform malaria testing for 64 patients, particularly those recruited out of hours, there were other limitations to the study. Malaria parasitemia was detected by thick-and thin-film microscopy. More sensitive methods that measure parasite density are better suited to identifying clinical malaria in hyperendemic locations like ours but were not used in this study, nor did we collect data on malaria parasitemia in healthy individuals for comparison. Blood culture volumes were recorded for most, but not all, of the enrollees and a contamination rate of 7.8%, which could have obscured some infections, was recorded.
Febrile patients in Nigeria and other malaria-endemic countries are often presumed to have malaria and are managed accordingly. Limitations notwithstanding, this study confirms findings from other parts of Nigeria and the African continent, pointing to bacteremia as a principal cause of febrile illness, and the need for blood culture facilities and/or alternate diagnostics [2, 4, 6, 11, [29] [30] [31] . Bacteremia likely occurs more commonly than the 17.2% we report here because only a single aerobic culture was taken for each patient, which is known to have low sensitivity, particularly for typhoidal Salmonella [32, 33] . Additionally, antimicrobial pretreatment is common in our setting, with many patients having taken oral treatments before presenting at healthcare facilities. Antimicrobial use in the community will cause some patients with bacteremia to postpone seeking additional healthcare and will likely reduce pathogen recovery rate in those who do seek medical support. Blood culture sensitivity was potentially also reduced by contamination, even though a rate of 7.8% contamination is lower than recorded in most African studies [2, 4, 34] . Salmonella Typhi, an organism for which blood culture is only 40%-60% sensitive [32, 33] , was isolated from 27 (4.0%) individuals and was the second most commonly isolated species/subspecies. Other common causes of bacteremia-NTS, E. coli, S. pneumoniae, K. pneumoniae, Enterobacter aerogenes, and H. influenzae-were less commonly recovered, and Candida albicans was detected in 1 positive culture. A similar study from more than a decade ago [2] , which screened children admitted into a hospital in Kenya for bacteremia, found E. coli, S. pneumoniae, and H. influenzae to be the most predominant species recovered from children aged <5 years. In Lagos, Nigeria, a 2005 study of 74 patients with pyrexia of unknown origin identified S. Typhi (16.2%), Proteus species (14.9%), E. coli (12.2%), and Klebsiella species (9.5%), and also detected Plasmodium species in 44.6% of specimens [35] . A more recent study in Abuja, Nigeria, found S. pneumoniae to be the leading cause of death in children [4] , and a second study in Abuja and Kano commonly recovered S. Typhi [11] . Similar spectra of pathogens have been recovered from studies in Ghana within the last decade [36] .
Few studies in Nigeria have reported automated blood culture isolates from bacteremia patients, and those that have focused on children aged <5 years. In this important age group, the bacteremia recovery rates and range of pathogens in this study were remarkably similar to those recorded in Ibadan almost a decade previously [37] . A more recent retrospective survey of enteric fever in 3 large Nigerian cities (Abuja, Kano, and Lagos) reported S. Typhi detection rates ranging between 0.5% and 5% in Abuja (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) and between 4% and 10% in Kano (2013-2017) by blood culture [38] . These data parallel with the 4.8% (33/682) recorded in our 4-month Ibadan study. Although Lagos is physically closer to Ibadan than either of the other locations, data from Lagos (7%-19% between 1993 and 2015) were derived from diagnosis with the Widal test and are therefore not comparable with the current study. Our own bacteremia detection rates in children aged <5 years (21%) were slightly higher than those reported between 2008 and 2015 from Abuja in central Nigeria (7.5%) and Kano in northern Nigeria (15%), using a comparable automated blood culture methodology [11, 38] . The relative proportion of bacteremia attributable to Salmonella was lower (29.1%) in this study compared with the aforementioned Abuja study (60%), but comparable to the 24% recorded in Kano. Notably, S. Typhi predominated in all studies, but like previous investigations we also recovered a smaller number of NTS isolates, half (n = 3) of which were Salmonella Enteritidis. The approximately 4:1 ratio of S. Typhi to iNTS compared with a the ratio contained in recent report from northern Nigeria [11] . Altogether, although recovery rates of invasive Salmonella in this study are worrisome, they are at the lower end of recent reports from Nigeria, and differences in our data from a western Nigerian city point to possible within-country geographical differences in the etiology of community-acquired bacteremia.
Within our Ibadan study area, we recorded the residential LGA of the study participants. Salmonella Typhi was generally more commonly isolated from the blood of residents from the northern and eastern parts of Ibadan city. As shown in Figure  2 , LGAs proximal to LGAs with high S. Typhi recovery showed intermediate recovery rates. Altogether, the data point to clustering of typhoidal infections, and as has been shown at other locations [39] , spatial analysis of disease and reservoirs may help to pinpoint and reduce the risk of infection. [6] . A similar 2005 study in Lagos, Nigeria, which also did not record coinfections, recovered typhoidal Salmonella from 6.3% of the blood culture isolates and detected Plasmodium species in 44.6% [35] . Altogether, in contrast with earlier studies in malaria-endemic areas [5] , co-detection of bacteremia and malaria parasites was common in this study. However, although the prevalence of coinfection was marked, the majority of patients do not require both antimalarials and antibacterials. Consequently, appropriate diagnostic support is likely to reduce the potential selective pressure on both categories of antimicrobials.
CONCLUSIONS
In conclusion, we find that plasmodia, S. Typhi, and other bacteria are common in patients with community-acquired febrile disease in Ibadan, with both pathogens most commonly recovered from young children. The comparable clinical presentation of malaria and bacterial infections and limited patient overlap point to the need for laboratory verification of fever etiology to appropriately manage such infections. For this study, routine blood culture for febrile conditions, including those typically treated empirically, was implemented in a Nigerian hospital. While the time to diagnosis from blood culture is slow, the resulting etiologic information was extremely valuable. Rapid and cheaper tests for bacterial infections that can be implemented at nontertiary points of care and used parallel with malaria rapid diagnostic tests are urgently needed.
The high prevalence of S. Typhi infection detected in this study suggests that suspected typhoid needs to be rapidly and effectively treated and that even patients with laboratoryverified malaria infection should be screened for bacteremia. Interventions targeting these febrile diseases, such as vector control, water, sanitation, and hygiene, along with diagnostic test development and vaccine deployment need to be priorities in Nigeria. This study also creates a range of research questions, in particular source attribution and spatial risk for typhoidal Salmonella and the longitudinal trajectories for malaria and typhoid. These research areas can expand on this short study to measure the true burden of these diseases and the value of any future interventions.
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